Recent results in the field of b and c hadron spectroscopy at the LHCb experiment are presented. The analyses use the data collected with the LHCb detector in proton-proton collisions corresponding to an integrated luminosity up to 3.0 fb −1 .
3 Search for Ξ + cc baryon
All of the baryon ground states with charm quantum number C = 0, 1 have been discovered. Three states with C = 2 are expected: a Ξ cc isodoublet and an Ω cc isosinglet. The SELEX experiment has claimed the observation of the Ξ + cc state in Λ + c K − π + and pD + K − decay modes 3 . The mass was measured to be 3519 ± 2 MeV/c 2 and for the lifetime an upper limit of 33 fs was determined, while the theoretical calculations predict the lifetime to be between 100 fs and 250 fs. Later searches for the Ξ + cc by FOCUS, BaBar and Belle experiments have not confirmed this observation.
The search for the Ξ + cc → Λ + c K − π + is reported 4 . The Ξ + cc is searched in a range of mass between 3300 MeV/c 2 and 3800 MeV/c 2 and lifetime between 100 fs and 400 fs, which correspond to values expected from the theory. No signal has been found, therefore upper limits on
are obtained for a range of mass and lifetime hypotheses. The upper limit strongly depends on the assumed lifetime varying from R < 1.5 × 10 −2 for 100 fs to R < 3.9 × 10 −4 for 400 fs. However, these upper limits do not exclude the SELEX result due to the possibility of very short Ξ + cc lifetime ( 100 fs) or differences in production environment. The BaBar collaboration measured the ratio R ψγ to be 3.4 ± 1.4 6 while the Belle collaboration set an upper limit of R ψγ < 2.1 (at 90% C.L.) 7 .
To resolve this discrepancy, an additional measurement has been performed by the LHCb collaboration 8 . The X(3872) decays to ψγ (where ψ denotes J/ψ or ψ(2S) meson) have been reconstructed using B + → X(3872)K + decays. The signal yields have been determined with two-dimensional fit to ψγK + and ψγ invariant masses shown in Fig. 1 . The cross-feed from partially reconstructed B meson decays have been accounted for using simulation. An evidence for the X(3872) → ψ(2S)γ decay has been found with significance of 4.4 standard deviations.
The ratio R ψγ has been measured to be 2.46 ± 0.64 ± 0.29, where the first uncertainty is statistical and the second is systematic. This result is compatible with previous experiments, but more precise. This result agrees with expectations for a pure charmonium interpretation of the X(3872) state and a molecular-charmonium mixture interpretations. However, it does not support a pure DD * molecular interpretation of the X(3872) state.
Lifetimes of b hadrons
At leading order of Heavy Quark Expansion (HQE) theory the lifetimes of all weakly decaying b hadrons are equal, with corrections appearing at 1/m 2 b order 9 . The measurements of lifetimes of the B + , B 0 and B 0 s mesons and Λ 0 b baryon using decay modes with J/ψ in a final state are presented 10 . The measured effective lifetimes are shown in Table 1 , being the most precise single measurements up to date. The results are consistent with current world averages 11 and HQE predictions.
In addition, the ratio of Λ 0 b and B 0 lifetimes is measured directly using Λ 0 b → J/ψpK − and B 0 → J/ψπ + K − decay modes 12 . Due to kinematic similarity, the efficiencies are the same for both decays with high precision. Therefore uncertainties in acceptance efficiencies mostly cancel = 509 ± 8 ± 12 fs, where the first uncertainty is statistical and the second is systematic. The result is consistent, but more precise, than current world average 11 .
The decays of B + c meson into charmonia and light hadrons are expected to be well described by the factorization approximation. In addition to the first observation of the B + c → J/ψK + K − π + decay 16 , we present the first evidence of the B + c → J/ψ3π + 2π − decay 17 . The ratios of the branching fractions to that of B + c → J/ψπ + decays are measured to be
where the first uncertainties are statistical and the second are systematic. The results are in agreement with theoretical predictions 18 and consistent with analogous measurements in B 0 and B + meson decays 11 . 
Summary
The LHCb collaboration has a rich program in spectroscopy of b and c hadrons, including exotic states. New results, based on data samples with integrated luminosities between 1.0 and 3.0 fb −1 collected in 2011 and 2012, have been presented. Many important and most precise results have been already achieved and more are expected in the future.
